The essential oil compositions of the rhizomes, flowers, leaves, and pseudostems of Hornstedtia scyphifera (J. Koenig) Steud were studied for the first time. A total of forty three constituents were identified from the rhizome, flower, leaf, and pseudostem oils, representing 90.9%, 82.4%, 79.7%, and 82.6%, respectively. α-Selinene was found dominant in the flower (10.8%) and pseudostem (12.4%) oils, while the rhizome and leaf oils contained germacrene D (15.5%) and camphor (12.6%) as the main constituents, respectively. The rhizome, flower, and leaf oils showed moderate activity against Gram positive bacteria with MIC values of 225 to 450 µg/mL and inhibition zones of 8.4 to 10.0 mm. The leaf oil showed good β-carotene bleaching inhibition activity (64.8%) and a low IC 50 value for DPPH radical scavenging activity (650.4 µg/mL). The flower oil showed potential α-glucosidase inhibitory activity with an IC 50 value of 21.44 µg/mL.
Hornstedtia is one of the indigenous genera of Zingiberaceae. About 60 species of this genus have been recorded in tropical Asia [1] . The Javanese use the leaf of Hornstedtia species as a natural food flavoring and also as an insect repellent. In addition, in Kelantan, H. macrocheilus has been used externally to treat fever [2] . Previous studies on the essential oils of Hornstedtia species claimed that this species was rich in phenylpropanoids [3] and monoterpene hydrocarbons as the major groups in the oils [3, 4] . Some Hornstedtia species have been reported to act as antioxidant and α-glucosidase inhibitor [5] . To the best of our knowledge there is no report found in the literature on the chemical and biological properties of H. scyphifera oils. Thus, this study was conducted for the first time to identify the chemical composition and screening for antimicrobial, antioxidant, and α-glucosidase activities of the essential oils of H. scyphifera.
Hydrodistillation of the fresh rhizomes, flowers, leaves, and pseudostems of H. scyphifera were carried out once for each part and yielded rhizome oil (0.16 g, 0.04%), flower oil (0.06 g, 0.02%), leaf oil (0.07 g, 0.09%), and pseudostem oil (0.02 g, 0.006%) ( Table  1) . Analysis of the chemical compositions of these oils successfully identified thirty four (90.9%), thirty five (82.4%), thirty three (79.7%), and thirty six (82.6%) constituents for the rhizome, flower, leaf, and pseudostem oils, respectively. Sesquiterpene hydrocarbons were the major group components in the rhizome (34.6 %), flower (33.1 %) and pseudostem (40.6%) oils. Consistent with a previous report on Hornstedtia species, the rhizome oil of H. havilandii showed a high percentage of sesquiterpene hydrocarbons (59.1%) [6] . The flower and pseudostem oils showed some similarity in which α-selinene was found as the most abundant component in both flower (10.8%) and pseudostem (12.4%) oils. Germacrene D (15.5 %) was found as the major constituent in the rhizome oil, whereas camphor (12.6%) was found as the major constituent in the leaf oil.
Antimicrobial tests were evaluated using disc diffusion and broth dilution assays (Table 2) . Based on the disc diffusion results, the inhibition zones of the oils tested were in the range of 8.4to 10.0 mm for bacterial strains and 8.0 to 9.5 mm for fungal strains. In addition, the MIC values of all oils were in the range of 225 to 450 µg/mL. The leaf oil showed more potent activity against the Grampositive bacteria, Bacillus subtilis and Staphylococcus aureus with MIC values of 112.5 µg/mL. It has been reported that polar monoterpenoids possessed higher potential as antimicrobial agents in agar diffusion method due to their high water solubility which helps in diffusion through the agar medium [7] . This was further supported by the small inhibition zones displayed by rhizome, flower, and pseudostem oils which contained a high percentage of less polar sesquiterpene hydrocarbons. The diffusion assay is generally used for primary screening of antimicrobial activity and this method is limited to the generation of preliminary qualitative data, thus it is important to support with quantitative data obtained from the broth dilution method [7] . All tested oils showed weak inhibition against the Gram-negative bacteria, Escherichia coli, with MIC values of 450 µg/mL. In contrast, moderate inhibition towards the Gram-negative bacteria, Pseudomonas aeruginosa and Pseudomonas putida was shown by all tested bacteria.
The antioxidant activity of the oils was assessed by measurement of the DPPH free radical scavenging and β-carotene bleaching activity ( Table 3 ). The leaf oil showed significant DPPH scavenging activity with an IC 50 value of 650.4 µg/mL compared to the rhizome (767.7 µg/mL), flower (775.4 µg/mL), and pseudostem (801.3 µg/mL) oils. A previous study reported that monoterpenoids and monoterpene hydrocarbons are mainly responsible for the antioxidant potential of an essential oil [8] , thus supported the higher antioxidant activity of the leaf oil that had a higher content of monoterpenoids. All oils displayed a statistically significant difference (P < 0.05) compared to BHT. This finding was in accordance with previous screening results on antioxidant activity of H. scyphifera extracts which revealed weak scavenging activity (42.19%) [9] . All oils showed low β-carotene inhibition percentage compared to BHT. The rhizome, flower, leaf, and pseudostem oils showed β-carotene inhibition percentages of 65.1%, 65.0%, 64.8%, and 55.4%, respectively. The α-glucosidase inhibition activity of the oils of H. scyphifera is expressed in Table 4 . The inhibitory activity of the oils of H. scyphifera towards α-glucosidase enzymes was very high (more than 90%) at the concentration of 1000 µg/mL. Both flower and pseudostem oils showed the most potent inhibition activity with IC 50 values of 21.44 and 25.45 µg/mL, respectively. Whereas, the IC 50 values of the rhizome and leaf oils were 52.03 and 50.58 µg/mL, respectively.
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Extraction of Essential Oils:
The fresh rhizomes (402.89 g), flowers (278.85 g), leaves (80.62 g), and pseudostems (315.66 g) were subjected to hydrodistillation in a Clevenger-type apparatus for 8 hours. The oils obtained were dried over anhydrous magnesium sulfate and stored at 4-6°C before analysis.
Gas Chromatography (GC):
GC analysis were performed on a Hewlett Packard 6890 series II A gas chromatograph equipped with an Ultra-1 column (25 m long, 0.33 µm thickness and 0.20 mm inner diameter). Helium is used as carrier gas at a flow rate of 0.7 mL/min. Injector and detector temperature were set at 250°C and 280°C, respectively. The oven temperature was programmed from 50°C (after 15 min) to 300°C at 5°C/min and the end temperature was held isothermally for 15 min. Diluted samples (1/100 in diethyl ether, v/v) of 1.0 µL were injected manually (split ratio 50:1) [10] .
Gas Chromatography-Mass Spectrometry (GC-MS): GC-MS chromatogram were recorded using a Hewlett Packard Model 5890A gas chromatography, directly coupled to a Hewlett Packard Model 5989A mass spectrometry with a 25 m × 0.20 mm i.d × 0.33 µm Ultra-1 capillary column, using helium as carrier gas with a flow rate 1 mL/min. Injector temperature was 250°C. ionization system, with ionization energy of 70 eV was used. A scan rate of 0.5 s (cycle time: 0.2 s) was applied, covering a mass range from 50-400 amu [10] . The constituents of the oils were identified by matching their mass spectra with reference spectra in the computer library (Wiley) and also by comparing their retention indices with either authentic compounds (α-pinene, myrcene, camphor, germacrene D, and cadinol) or data in the literature [11, 12] . The retention indices was calculated according to the following formula: RI = 100 ((log t sample ) -(log t x )/ (log t x+1 ) -(log t x )) + 100x, where t sample is the retention time of the sample component, t x is the retention time of the saturated hydrocarbon elutes before the sample component, t x+1 is the retention time of the saturated hydrocarbons which contains (x+1) carbon and elutes after the sample component, and x is number of carbon in saturated hydrocarbons.
Antimicrobial Activity-Microbial Strains: The antimicrobial activity of the oils were screened against six strains which involved two Gram-positive bacteria, Bacillus subtilis (ATCC 6633) and Staphylococcus aureus (ATCC 29737), three Gram-negative bacteria, Escherichia coli (ATCC 10536), Pseudomonas aeruginosa (ATCC 9027), and Pseudomonas putida (ATCC 49128), and one fungal, Aspergillus niger (ATCC 16888). The strains were grown on Nutrient agar (NA) and Sabouraud dextrose agar (SDA) for fungi.
Disc Diffusion Assay: Antimicrobial activity of the oils of H. scyphifera was carried out using disc diffusion method [13] . The oils were dissolved in 0.1% concentration of DMSO (1800 µg/mL). A suspension of the tested microorganisms (400 µL of 10 6 -10 8 CFU/mL) was spread on the nutrient agar (NA) for bacteria and Sabouraud dextrose agar (SDA) medium for fungi. Whatman filter paper discs (6 mm diameter) were impregnated with 10 µL of 1800 µg/mL of the oils and DMSO (negative control) were placed on the inoculated agar, and were incubated for 24 h at 37 °C for bacteria and 72 h at 30 °C for fungi. Streptomycin sulfate (10 µg/mL) and nystatin (100 IU) were used as positive controls for bacteria and fungi, respectively. Antimicrobial activity was evaluated by measuring the diameter of clear inhibition zone against the tested microorganisms in millimeter.
Minimum Inhibitory Concentration:
The minimum inhibitory concentration (MIC) was determined by micro dilution method using 96-well microplate [14] . The inoculate of the tested microorganisms was prepared from 24 h broth cultures and suspensions were compared to the turbidity of McFarland solution (5%). The McFarland solution was prepared by mixing H 2 SO 4 solution (1% in broth) and BaCl 2 solution (1% in broth). The H 2 SO 4 solution (1% in broth) was prepared by dissolving 1.02 mL of H 2 SO 4 in 100 mL nutrient broth, while BaCl 2 solution (1% in broth) was prepared by mixing 1.0 g BaCl 2 in 100 mL nutrient broth. The mixture of 9.95 mL of H 2 SO 4 solution and 0.05 mL of BaCl 2 solution were equivalent with 150 × 10 6 colony per unit. Sterile broth (100 µL) and sample stock solutions (1800 µg/mL) were mixed to obtain a twofold serial dilution (1800, 900, 450, 225, 112.5, 56.25, 28.13, 14.07 µg/mL). The inoculate of the tested microorganism (100 µL) was added to each well. The positive controls used were streptomycin sulfate and nystatin for bacteria and fungi, respectively. Plates were incubated at 37 °C for 24 h. The turbidity at the bottom of the well indicated the growth of the tested microorganisms.
DPPH Radical Scavenging Activity:
The DPPH radical scavenging assay was carried out as described earlier by Li and Seeram with slight modifications [15] . Each sample stock solution was serially diluted to a final concentration of 1000, 500, 250, 125, 62.5, 31.3, 15.63, and 7.81 µg/mL. DPPH methanolic solution (80 mg/L) (100 µL) was added to 50 µL aliquots of the stock sample. The mixture was allowed to stand in the dark condition at room temperature for 30 minutes. The absorbance was measured at 517 nm using microplate reader. Butylated hydroxytoluene (BHT) was used as positive control.
β-Carotene-linoleic Acid Assay: Antioxidant capacity is determined using β-carotene bleaching assay by measuring the inhibition of the conjugated diene hydroperoxides arising from linoleic acid oxidation [16] . A mixture of β-carotene (1.0 mg/mL CHCl 3 ) (210 μL), linoleic acid (5 μL) and Tween 40 (42 μL) was prepared in a round bottom flask. The CHCl 3 was then evaporated by using rotary evaporator and distilled water (10 mL) was subsequently added to the residue and stirred to form a clear yellowish emulsion. The test sample was dissolved in methanol and each sample solution (50 μL) was added to the mixture (200 μL) in a 96 well microplate. The plates were then incubated in a water bath (50 °C) for 2 h together with BHT (positive control) and a blank sample. The absorbance was measured at 470 nm on a microplate reader.
α-Glucosidase Inhibition Assay:
The assay of α-glucosidase inhibition activity was performed as described by Sarmadi et al [17] . The substrate was prepared by dissolving p-nitrophenyl-α-Dglucopyranoside (PNPG) in 50 mM phosphate buffer (pH 6.5), which is comparable to the condition of intestinal fluid. The samples were prepared into seven serial dilutions (1000, 500, 250, 125, 62.5, 31.3, and 15.6 μg/mL). 10 μL of α-glucosidase enzyme (Maltase) (123 U/mg, Sigma Aldrich) was added into the mixture in each well and incubated for 5 min at room temperature.50 μL of PNPG was added to each well of sample, blank substrate, negative and positive controls and incubated for 15 min at room temperature. The reaction mixtures were stopped by using stopping agent, 50 μL of 2M glycine (pH 10). The absorbance readings were measured at wavelength of 405 nm and the α-glucosidase inhibition activity of the test sample was expressed as percentage of inhibition (%).
Statistical Analysis: Data obtained from the essential oils analysis and bioactivities are expressed as mean values. Statistical analyses were carried out by using one way ANOVA (p>0.5). A statistical package (SPSS version 11.0) was used for data analysis.
